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ABSTRACT

Our study introduces the method to calculate the dispersion of the hazard gas in the air
for assessing the environmental risk caused by the receiver by using two mathematical models
- the continuous model (plume model) and the instantaneous source model (puff model) - and
ability to apply them in order to calculate the dispersion of the hazard gas in the air to predict
the impact of the environmental risk in using the LPG in Vietnam.

Result of our study can use for assessing the environmental risk or predicting the
conseguence of the environmental risk in using LPG or the refrigerant or another hazardous
chemicals.

I INTRODUCTION

Using LPG or the refrigerant or another hazardous chemicals can caused some
environmental risks, such as. leaked from the tanks, rupture the tanks ... So we have to
calculate the dispersion of the hazard gas in the air for assessing those environmental risk.
One of the way is using the mathematical models to do this work. There are two mathematical
models - the continuous model (plume model) and the instantaneous source model (puff
model) as the show below.

1. BASIC THEORY

There are two mathematical models - the continuous model (plume model) and the
instantaneous source model (puff model) as below:

21. Plumemodd:

The commonly used plume model was developed by Pasquill and Giford. The
theoretical bases and derivations are described in a lot of books on environment. This plume
model is a steady state model in Eq. 1.1:
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Where:

- C(x,y,2) is the concentration of the gas as a function of x,y,z (mass/length®),
- X,y,z are distances from the source (length) (see Fig. 2.1)

- Qm isthe source (mass/time) ,

- s, and s , aredispersion coefficients (length),

- u isthe wind velocity (length/ time), and

- H: is the height of the release (length).
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Figure 1.1: Continuous source: plume mode

When the source has a higher temperature than the loca environment, and is projected
in a vertical direction (e.g., from a vent stack), the release height is corrective for buoyancy
and momentum:

Ldé - T, 60
Usd 8 5+268x0°Pde" 2% (Eq.12)
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Where
- DH; isthe correction to the release height (m),

- ljs is the stack gas exit velocity (m/sec),
- d isthe inside stack diameter (m),

- u isthe wind speed (m/sec),
- P is the atmospheric pressure (mbar),
- T, isthe stack gas temperature (K), and

- T, isthe air temperature (K).

The dispersion coefficients are function of the atmospheric stability classes and the
downwind distance from the source. These stability classes are shown in Table 1.1 and the
coefficientsare given in Fig. 1.1 and Fig. 1.2. Asindicated:

S, =S (Eq. 1.3
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This plume mode is also used to estimate the downwind ground level concentrations a
ground — level source by settingz=H, =0

N
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These eguations can be manipulated algebraically to solve for the position of the lines
equal concentrations (isopleths):
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Equation 1.3 is used to define areas with concentrations over a specific toxicity level
or flammability level. These areas are subsequently used for evaluating consequence.

The ground — level concentration for above ground sources are determined with Eq.
1.1 while setting z = 0:
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A centerline concentration for this above — ground source |sfound by settingy = 0in Eq. 1.4:
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(Eq. 1.7)

The maximum centerline ground — level concentration for a source above ground level
isfound using Egs. 1.8 and 1.9:

C(x0,0),,, = H é — (Eq. 1.8)

H
s_ = Eqg. 1.9
== 5 (Eg. 1.9)

This maximum concentration is determined (&) by computing s , with the Eq. 1.9; (b)
looking up x in Fig. 1.2, which correspondsto this s , ; (c) looking up the s, for the given x

position; and then computing their maximum concentration with Eq. 1.8. Equation 1.5 can be
used to determine the lines of constant concentration around this maximum value. This type
of analyst is necessary step in evaluating alternative consequences.

The centerline concentrations for ground — level source are found using Eqg. 1.1 and
setting z=y=H,; =0

Qn

ps ;s U

As shown, this centerline concentration appears to be independent of x. The effect of x
, however, is accounted for by the larger dispersion coefficients as x increases.

Table 1.1: Atmospheric stability classes for the Pasquill-Gifford dispersion model

C(x,0,0) = (Eq. 1.10)

. Day radiation intensity Night cloud cover
wi rg;jn;sseed Strong Medium Slight Cloudy Cam and
clear
<2 A A-B B - -
2-3 A-B B C E F
35 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

Note: Stability classes for plume model (A, B, C, D, E, F ...) compared to stability for
puff model (unstable, neutral, and stable): A, B (unstable), C, D ( neutral), E, F (stable).
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Figure 1.1: Horizontal dispersion coefficients for Pasquill-Gifford plume model
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Figure 1.2: Vertical dispersion coefficients for Pasquill- Gifford plume model

2.2.  Puff mod€

A puff is formed as a result of an instantaneous spill (see Fig. 2.1). Puff scenarios
include catastrophic of bottles, drums, or vessels containing liquids above their normal boiling
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points. Upon rupture, a fraction of the liquids vaporizes. The flashing vapor is a result of the
excess sensible heat vaporizing a fraction of the liquid. This flashing vapor may also entrain
some of the remaining liquid.
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Figure 2.1: Instantaneous sour ce puff model

The resulting puff of vapor and the entrained liquid are dispersed in and carried with
the surrounding wind. Downwind concentration (vapor only) is computed using Eq. 2.1
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Where Q , is the instantaneous source (mass) and the other variables are as described
in the plume mode. The computed concentrations are for positions projected from the center
of the puff asit drifts downwind at the speed of the surrounding wind.

The dispersion coefficients used with the Pasquill — Gifford puff model are given in
Fig. 2.2 and 2.3. Since the puff moves at the same speed as the surrounding wind, the center
of the puff isfollowed using Eg. 2.2.

X =ut (Eq. 2.2)

Where:

x isthe center of the puff and downwind from the source (Iength),

u iswind speed (length/ time), and

t istime after the source is released (time).

Just as the plume model set z = 0 to estimate downwind ground — level concentration
using Eq. 1.1, so too does the puff model use Eq. 2.1to estimate ground - level concentration
by setting z = 0. The center concentration for a ground level release is estimated by setting y =
z=H,=0:

C(x00,1) = C(Ut.00,) = m (Eq.2.3)

(2p)2s S5,

The stability classes for the puff model are given in Table 1.1. For the specific
concentration, the isopleths at the ground level are determined using Eq. 2.4:

_ aC(x,00,t) 0
y=s \/ Eic x y.0 t) (Eq. 2.4)
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Figure 3.2: Horizontal dispersion coefficients for Pasquill — Gifford puff model
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Figure 3.3: Vertical digpersion coefficients for Pasquill-Gifford puff model
[11.  APPLYING
We can apply those mathematical models in order to caculate the dispersion of the

hazard gas in the air to predict the impact of the environmental risk in using the LPG in
Vietnam.



DATA:

Determine the maximum downwind concentration a a distance of 10 km from a
ground — level source if the sourceis continuous (1 kg/ sec), the wind speed is 5 m/sec, and it
is an overcast night.

SOLUTION:

The maximum concentration of a plumeislong the centerline. Since thisisa ground —
level source, the concentration is determined using Eq. 1.10:

C(x,0,0) = Qn
ps s ,u

The weather condition are described in Table 1.1; that is, the stability is D, which
corresponds to the 5 m/sec wind velocity and an overcast night. The dispersion coefficients
aretaken from Figs. 1.1 and 1.2:

S, =s, =500mand s, =130m
Therefore:
C(10,00) = Ukg/sec)
3.14x500(m) x130(m) x5(m/ sec)

Molecular weight of the LPG (for example: n-butane (CsHi) is 58.08, the
concentration can be computed in ppm:

=9.79x10" 3 (kg/ m?)

T
Cppm = Rg m(m/ms)

latm (e 298K 0
: 50.979mg / m®) = 0.412 ppm
g- moleK g(latm)x(SB.OBg/ g- moIe_B( ) PP

Cm:§%m5

V. CONCLUSION

Result of our study can use for assessing the environmental risk or predicting the
conseguence of the environmental risk in using LPG or the refrigerant or another hazardous
chemicals.
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